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PREFACE
 
In l983, the International Joint Commission's Great Lakes Science Advisory
Board established a Groundwater Contamination Task Force to investigate the
significance of contamination via groundwater on Great Lakes water quality.
This Appendix includes two reports:
A. The Potential for Great Lakes Contamination by Groundwater in the
United States, by L.A. Swain; and
B. The Potential for Great Lakes Contamination by Groundwater in Canada,
by
R.w.
Gil
lha
m.
'
The first report was prepared by staff of the Northeastern Regional Office
of the United States Geological Survey at the request of the Science Advisory
Board Co—chairmen. Guidance and some input to this report was provided by the
Groundwater Contamination Task Force. The report was peer reviewed by the
United States Geological Survey and approved for publication on November l0,
l983.
The second report was prepared under a contract funded by the Science
Advi
sory
Boar
d.
Dire
ctio
n to
the
cont
ract
or a
nd s
ome
inpu
t to
the
repo
rt w
as
prov
ided
by t
he G
roun
dwat
er C
onta
mina
tion
Task
Forc
e.
Some
of t
he r
evie
w
com
men
ts
pro
vid
ed
by
the
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt
(Dr.
Geo
rge
Hugh
es a
nd M
r. U
lo S
ibul
) a
nd b
y th
e Na
tion
al
Hydr
olog
y Re
sear
ch I
nsti
tute
were incorporated into the report.
Any
view
poin
ts
cont
aine
d in
thes
e re
port
s sh
ould
not
nece
ssar
ily
be
con
str
ued
as
tho
se
of
the
Gre
at
Lak
es
Sci
enc
e A
dvi
sor
y B
oar
d o
r t
he
Inte
rnat
iona
l J
oint
Comm
issi
on.
Howe
ver,
the
Boar
d ha
d fo
rmul
ated
cert
ain
conc
lusi
ons
and
reco
mmen
dati
ons
on t
he g
roun
dwat
er c
onta
mina
tion
issu
e ba
sed
on
the
inf
orm
ati
on
con
tai
ned
in
the
se
rep
ort
s.
The
se
wer
e i
ncl
ude
d i
n t
he
Boa
rd'
s 1
983
Ann
ual
Rep
ort
to
the
Com
mis
sio
n.
Cop
ies
of
thi
s R
epo
rt
may
be
obt
ain
ed
fro
m t
he
Int
ern
ati
ona
l J
oin
t C
omm
iss
ion
at
the
Gre
at
Lak
es
Reg
ion
al
Office in Windsor, Ontario, Canada.
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 A.
THE
POTENTIAL
FOR
GREAT
LAKES
CONTAMINATION
BYAGROUNDHATEB
IN THE UNITED STATES
by
Lindsay A. Swain
Groundwater Specialist
U.S. Geological Survey
Reston, Virginia
l 1. BACKGROUND
I
In 1982 the Great Lakes Science Advisory Board of the International
Joint
Commission recommended that:
—
groundwater resources of the Great Lakes System be studied to
determine potential contamination routes via this source and to
establish mitigative measures.“
As a result of that recommendation, this present overview was initiated as
a means of assessing the significance of groundwater contamination as a
contributor to the Great Lakes water quality.
This paper examines the general aspects and potential sources of
contamination to the groundwater system from the United States' side of the
Great Lakes only. An evaluation of potential contamination from the Canadian
side was prepared concurrently by Robert w. Gillham and is found in Appendix
II-B.
Because of the limited time frame, this report is purely qualitative in
addressing the significance of the problem and thus is neither comprehensive
by including all sources, nor does it include the quantitative aspects of any
specific site.
The area of concern in this report is mainly confined to only the lgl
counties of the eight States situated in the Great ;akes Basin. The counties
and states included are documented in Table A—l.
 
 1.1 GENERAL GROUNDWATER CONTAMINATION CONCEPTS
Once a contaminant enters the groundwater system, attenuation is extremely
slow. Because groundwater velocities may be only 0.3 meter (one foot) or less
per
day.
cont
amin
ants
do n
ot r
eadi
ly m
ix w
ith
the
wate
r an
d ma
y tr
avel
as a
well
—def
ined
slug
or p
lume
. C
once
ntra
tion
s ge
nera
lly
decr
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over
time
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ance
eith
er b
y ad
sorp
tion
onto
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poro
us m
ediu
m,
thro
ugh
ion
exch
ange
; b
y
disp
ersi
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deca
y, m
ixin
g,
alte
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on b
y bi
olog
ical
mean
s,
chem
ical
reac
tiin
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or b
y di
ffus
ion.
The
rate
of d
ilut
ion
depe
nds
most
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n th
e ty
pe o
f
V
con
tam
ina
nt
and
the
hyd
rol
ogi
c f
ram
ewo
rk,
but
dec
ade
s o
r e
ven
cen
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ies
may
be
required for its total attenuation.
An u
nder
stan
ding
of t
he g
eohy
drol
ogic
fram
ewor
k is
esse
ntia
l b
ecau
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por
osi
ty
and
per
mea
bil
ity
aff
ect
the
hyd
rau
lic
tab
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gra
die
nt
whi
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det
erm
ine
s
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qua
nti
ty
and
rat
e o
f f
low
of
gro
und
wat
er.
In
low
-pe
rme
abi
lit
y m
ate
ria
l,
suc
h a
s c
ons
oli
dat
ed
roc
k o
r c
lay
, t
he
wat
er
and
aff
ili
ate
d c
ont
ami
nan
ts
mig
ht
be
tot
all
y c
ont
ain
ed
wit
hin
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roc
k o
r m
ove
ver
y s
low
ly.
If
con
sol
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ted
bed
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k s
hou
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hav
e a
n i
nte
rco
nne
cte
d f
rac
tur
e s
yst
em
or
sol
uti
on
cav
tie
s,
wat
er
may
the
n m
ove
rap
idl
y t
hro
ugh
the
roc
k,
tra
nsp
ort
ing
the
con
tai
ned
con
tam
ina
nts
ver
y q
uic
kly
thr
oug
h
the
sys
tem
.
If
the
wat
er
tab
le
in
eit
her
roc
k
or
unc
ons
oli
dat
ed
dep
osi
ts
is
int
erc
ept
ed
by
a s
tre
am
cha
nne
l,
gro
und
wat
er
can
the
n d
isc
har
ge
to
the
str
eam
.
The
con
tam
ina
nt,
in
tha
t c
ase
, c
oul
d b
e t
ran
spo
rte
d m
ore
qui
ckl
y t
o
the
top
ogr
aph
ic
low
of
the
bas
in
whi
ch,
in
the
stu
dy
are
a,
wou
ld
be
one
of
the
Great Lakes.
l.2 GEOHYDROLOGIC FRAMEWORK
The
por
ous
med
ium
thr
oug
h
whi
ch
gro
und
wat
er
mov
es
wit
hin
the
Gre
at
Lak
es
Bas
in
can
be
gen
era
liz
ed
int
o
thr
ee
cat
ego
rie
s:
gla
cia
l
dep
osi
ts,
bed
roc
k
dep
osi
ts,
and
art
ifi
cia
l
fil
l m
ate
ria
l.
The
spe
cif
ic
cha
rac
ter
of
the
por
ous
medium determines the rate of contaminant transport.
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i) Glacial Deposits
As a result of glaciation, till, glacial lake deposits. outwash sand and
gravel make up most of the surface deposits of the Basin. Till is by far the
predominant deposit. Till is generally unsorted and has a very low
permeability. Glacial lake deposits are frequently clay, silt, and fine clay,
and thus also have low permeabililty. Till and lake deposits usually inhibit
infiltration to underlying formations. Outwash sanw and gravel deposits are
usually very permeable and allow rapid vertical and horizontal flow of water
and, if present, transport of any contaminants.
The glacial geology of the Great Lakes Basin is portrayed in Figure A—l.
The most rapid movement of contaminants through the subsurface is expected to
occur in those areas of sand and gravel deposits found adjacent to the lakes.
Where these more permeable deposits are adjacent to stream channels,
infiltration can be expected to occur to the surface streams rather than the
lakes. In the report prepared for the Great Lakes Basin Commission (l975) by
the Geology and Groundwater Work Group, several areas of high yielding wells
were also found within those areas mapped as silt and clay or till. As a
consequence, the surficial geology map alone cannot be taken as the conclusive
proof of whether a contaminant will move rapidly through the subsurface.
Figure A-2 shows such an example for the Cleveland and Akron, Ohio, area. On.
the surficial glacial geology map (Figure A—l) the area of the Cuyahoga River
is shown as till. However, on the more detailed map of Figure A—2; the entire
area of the stream channel extending from Akron to Lake Erie has unsustained
well yields of from 0.63—6.31 liters per second (lo—100 gpm); thus indicating
a much higher permeability than the surficial map would indicate.
ii) Bedrock Deposits
Bedrock underlies the glacial deposits throughout the Great Lakes Basin
(Figure A—3) and consists of igneous and metamorphic crystalline rocks,
dolomite, limestone, and sandstone. In general, the crystalline rocks (mostly
Precambrian age) have very low yield potential and are not abundantly
fractured.
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 The consolidated sedimentary rocks (sandstone, dolomite, and limestone),
however, are abundantly fractured, and solution cavities may be significant.
Where the rocks are fractured, dolomite and limestone commonly contain
solution cavities. Where the rocks are fractured and the fractures are well
connected, the potential for rapid transport of contaminants may be great.
Comprehensive studies, however, do not exist that show all of the fracture
systems in the bedrock aquifers in the Basin.
iii) Artificial Fill Material
In areas containing landfills, the fill material usually is totally
different from the underlying natural material. If the material is sandy and
uncompacted, the rate of contaminant movement through the fill may be many
times faster than the regional groundwater flow system. Thus, it is extremely
important to know not only the permeability of the region in which a landfill
is located, but also the permeability of the fill material itself.
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l
as it is commonly called). The purpose was “to provide for liability,
compensation, cleanup, and emergency response for hazardous substances
released to the environment and clean up of inactive hazardous waste disposal
sites.“ Section l03 (c) of CERCLA required that, within l80 days after
enactment of the Act, every person who owned, operated or accepted hazardous
wastes for transport, or selected a facility at which hazardous wastes were
stored, treated, or disposed of, must notify the Administrator of the
Environmental Protection Agency of the existence of *-h a facility;
specifying the amount and type of any hazardous substa ce to be found there,
and known, suspected, or likely releases of such substances from that
faci
lity
.
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TABLE A—1 (cont'd)
'
Number of Hazardous—Waste
'
State
County
Disposal Sites
‘ r CERCLA
No Name (Priority) Superfund
Ohio 1. HiTTiams 1
2. Fu1ton 3
3. Lucas 38
4. Ottawa 5
5. Defiance 0
6. Henry 0
7. Wood 6
8. Sandusky 4
9. Erie 5
10. Lorain 19
11. Cuyahoga . 99 4
12. Lake 22
13. Geauga 9
14. AshtabuTa 39
15. Trumbu11 0
-
16.
P
o
r
t
a
g
e
5
1
3 17. Summit 46
18. Medina 6
' 19. Ash1and 0
20. Huron 1
21. Seneca 6
22. Hancock 5
23. Putnam 2.
24. Pau1ding 0
25. Van Nert 2
26. A11en 11
27. Hardin 0
28. Wyandot 1
29. Crawford 3
30. RichTand 0
31. AugTaive 0
32. Mercer 3
33. Marion __9 ___
TOTAL 342 5
Michigan 1. Gogebic 0
2. Ontonagon 3
3. Houghton 0
4. Baraga 1
5. Kewenaw 0
6. Iron 5
11
 TABLE A-1 (cont'd)
Number of Hazardous—Waste
 
State County Disposa1 Sites .
CERCLA
No. Name (Priority) Superfund .
7. Marquette 10 1
8. Dickinson 3 ~
9. Menominee 4
10. De1ta 5
11. A1ger 1
12. Schoo1craft 0
13. Luce 1
14. Mackinac 1
15. Chippewa 4
16. Emmet 3 2
17. Cheboygan O
18. Presque Is1e 2
19. A1pena 4 1
20. Montmorency 2
21. 0tsego 2
22. Char1evoix 4 1
23. Antrim 5 1
24. Lee1anau 1 1 ~
25. Benzie 0
26. Grand Traverse 7
27. Ka1 Kaska 2
28. Crawford 0
29. Oscoda 0
30. A1cona 1
31. Iosco 3 1 .
32. Ogemaw 1
33. Roscommon 1
34. Missaukee 0
35. Wexford 3 1
36. Manistee 3 1
37. Mason 6 1
38. Lake 2 1
39. 0sceo1a 2
40. C1are 2 1
41. G1adwin 1
42. Arenac 2
43. Huron 2
44. Bay 5
45. Mid1and 8
46. Isabe11a 0
47. Mecosta 0
48. Newaygo 1
49. Oceana 1
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TABLE A—1 (cont'd)
I
Number of Hazardous-Waste
'
State
County
Disposa1 Sites
CERCLA
'
No.
Name
(Priority)
Superfund
50. Muskegon 41 4
v 51 . Montca1m 3
52. Gratiot 6 3
53. Saginaw 14
54. Tusca1o 2
55. Sani1ac 1
’ 56. St. C1air 6
, 57. La Peer 2
58. Genesee 10 2
59. Shiawassee 1
60. C1inton 2
61. Ionia 5 1
62. Kent 31 6
63. Ottawa 10 1
64. A11egan 13
65. Barry 7
66. Eaton S
67. Ingham 9
68. Livingston 9 3
69. Oak1and 41 3
70. Macomb 21 2
71. Wayne 70
72. Nashtenaw 15-
73. Jackson 8
74. Ca1houn 9 2
‘ 75. Ka1amazoo 26 2
76. VanBuren 7
77. Berrien 11 1
78. Cass 4 1
79. St. Joseph 4
80. Branch 6
81. Hi11sda1e 6
82. Lenawee 8 1
83. Monroe __1 1
TOTAL
Indiana . Lake
Porter
LaPorte
St. Joseph
E1khart
  
TABLE A—l (cont'd)
Number of Hazardous-Waste
 
State County Disposa1 Sites .
CERCLA
No. Name (Priority) Superfund
6 Lagrange 1
7. Steuben 0 ~
8. De Ka1b 4
9 Nob1e 1
10. Kosciusko 0
11. A11en 13 1
12. Adams 0
13. He115 __Q ___
TOTAL 154 6
I1Tinois 1. Lake 28 3
2. Cook 161
3. H111 A __ '
TOTAL 213 3
Wisconsin 1. DougTas 4
2. Bayfie1d 0
3. Ash1and 0
4. Iron 0
5. Vi1as 0
6. Forest 0-
7. F10rence 0
8. Marinette 5
9. 0conto 1
10. LangTade 0
11. Menominee 0
12. Shawano 0
13. Marathon 0
14. Door 0
15. Keewaunee 1 ‘
16. Brown 3
11. Outagamie 3
18. Waupaca 1
19. Portage O
20. Waushara 4
21. Winnebago 10
22. Ca1umet 1 '
23. Manitowoc 4
24. Sheboygan 6
25. Fond Du Lac 2
14
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TABLE
A—T
(cont'd)
'
Number of Hazardous-Waste
State
County
DisposaT Sites
CERCLA
'
No.
Name
(Priority)
Superfund
26. Green Lake 1
27. Marquette 0
28. Adams . 0
29. Coiumbia 0
30. Oneida 0
31. Washington 2
32. Ozaukee 4
33. Miiwaukee 35
’ 34. Waukesha 13
35. Racine 18
36. Kenosha 4 5
37.
Dodge
___0
_
TOTAL 123 0
v Minnesota 1. Cook 0
2. Lake 1
3. Saint Louis 14
, ‘ 4. Itasca 0
5. Aitken 0
' 6. Cariton O
7. Pine __9 ___
I I TOTAL TS 0
Grand Totai 1.930 74
Note: CERCLA stands for the hazardous waste sites identified by the
"Comprehensive Environmentai Response Compensation and Liability Act"
of 1980. Superfund sites are those CERCLA sites given the highest
priority and slated for immediate cTean-up with Superfund monies.
 0f the 418 Superfund priority sites whith were identified nation—wide in
December 1982, 14, or 18 percent, were within the Great Lakes Basin. The
criteria used in selecting the more than 400 priority sites as listed in
Section 105(8)(A) of CERCLA is based upon the "relative risk or danger to
public health or welfare of the environment, in the judgement of the
President. taking into account the population at risk, the hazardous potential
of the hazardous substances at such facilities, the potential for
contamination of drinking water supplies, the potential for direct human
contact, the potential for destruction of sensitive ecosystems, State
preparedness to assume State costs and responsibilities, and other appropriate
factors." Table A—2 lists just some of the hazardous wastes which were
identified at the 74 Superfund sites within the Basin.
TABLE A—2
SOME
HAZA
RDOU
S WA
STES
IDEN
TIFI
ED A
T GR
EAT
LAKE
S SU
PERF
UND
PRIO
RITY
SITE
S
Bor
on
Hyd
rid
e
2.4
,Di
met
hy1
phe
nol
Cyanide Acetone
Copper Ammonia
Chr
omi
um
Pic
ric
Aci
d
Ars
eni
c
Per
chl
oro
eth
yle
ne
(PCE
)
Mer
cur
y
1,1
,1,
Tri
chl
oro
eth
ane
Heavy Metals Group Toluene
Sul
fid
es
Gro
up
Tri
chl
oro
phe
noi
(TC
P)
Asb
est
os
Tri
chl
oro
eth
yle
ne
(TCE
)
Polynuclear Aromatic Hydrocarbons
Phthalate Esters
Polychlorinated Biphenyls (PCB)
Vinyl Chloride
Methylene Chloride
cis—l,2,Dichloroethy1ene
Chloroform Polymer Gels
Ben
zen
e
Pol
ybr
omi
nat
ed
Bip
hen
yls
(PBB
)
Dioxin . Xylenes
1,2,Dichloroethane
a
a
a
a
a
a
l
a
l
l
a
a
l
l
l
Bas
ed
on
a r
epo
rt
by
U.S
.
Env
iro
nme
nta
l
Pro
tec
tio
n A
gen
cy
(Mi
lle
r,
198
0),
cal
cul
ate
d s
eep
age
int
o t
he
Gre
at
Lak
es
gro
und
wat
er
sys
tem
fro
m E
gpg
rgg
g w
ast
e
pon
ds
of
onl
y t
he
maj
or
ind
ust
rie
s w
oul
d h
ave
bee
n o
ver
51.1
mil
lio
n l
iter
s
(13
.5
bil
lio
n g
all
ons
) i
n 1
968
.
The
se
rep
ort
ed
pon
ds
con
tai
ned
pap
er,
petroleum, metal, and chemical industry wastes.
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The
high
d
e
n
s
i
t
y
of
n
o
n
s
e
we
r
e
d
residential
areas
in
the
Basin
(40
septic
systems
per
square
mile),
is
also
considered
a
high
potential
for
nonpoint
source
contamination
(Miller,
l980).
ii) By State
In
addition
to
the
CERCLA
listing,
the
State
of
Michigan
(Michigan
Department
of
Natural
Resources,
l982)
has
identifxr.
441
sites
where
groundwater
is
known
to
be
contaminated,
and
456
additional
sites
where
contamination
is
suspected.
Known
sites
are
those
where
investigations
have
been undertaken,
the
nature
of
the
problem
determined,
and
action
taken.
Suspected
sites
are
those
where
insufficient
data
have
been
obtained
to
adequately
evaluate
the
problem.
Table
A-3
lists
the
nature
of
the
sources.
One
category
worth
noting
is
gasoline
stations.
Because
of
leaking
and
decaying
storage
tanks,
gasoline
leakage
has
been
noted
in
Michigan
as
a
significant
problem,
especially
in
areas
where
the
density
of
stations is great and tanks are old.
In
New
York,
underground
contamination
by
petroleum
products
was
discovered
in
l87
wells
in
49
counties;
this
prompted
the
State
to
establish
an
Oil
Spill
Bureau
to assist
local
agencies
in dealing
with
leaks
and
spills.
Contamination
of
groundwater
by polychlorinated
biphenyls
(PCB)
has
resulted
from
spreading oil
on
gravel
roads
near
Buffalo
(wide Beach
and
Snyder Beach).
High lead concentrations of unknown
source have also been
discovered in wells near Philmore and Belfast in Alleghany County.
The State of New York has also identified approximately 700 sites
Statewide where
industrial wastes are known or thought to have been disposed
(Pishdadazer and Moghissi, l980).
Of these sites, 12 were within the Great
Lakes Basin and included in the Superfund priority list of l982.
According to
the New York Department of Environmental Conservation, about 1.3 million
tonnes (l.4 million tons) of hazardous wastes are generated in New York each
year.
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In Pennsylvania, the Pennsylvania Department of Environmental Resources
(DER) estimates that 7.3 million tonnes (8 million tons) of the 23.6 million
tonnes (26 million tons) of industrial wastes created each year in the State
are hazardous (Pennsylvanis Department of Environmental Resources, l98l).
According to the DER there are numerous abandoned sites, 450 permitted
hazardous waste storage areas, and about 45 hazardous disposal sites in the
State. However, approximately 800 disposal sites Statewide are either
causing, or have potential for causing, pollution p :ulems within the State.
In Presque Isle, Pennsylvania, the U.S. Environmental Protection Agency
(EPA) is examining the contamination of major aquifers with heavy metals and
high concentration of other dissolved constituents from what was believed to
have
been
deep
-wel
l di
spos
al
of i
njec
ted
indu
stri
al w
aste
s.
'
In Minnesota, the Minnesota Pollution Control Agency has identified
appr
oxim
atel
y 1,
200
land
fill
s St
atew
ide
that
are
or p
oten
tial
ly a
re s
ourc
es o
f
groundwater pollution.
In
Wis
con
sin
(Br
aun,
198
3),
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t t
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r
2,0
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f t
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r c
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e l
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is
co
ns
in
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83
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‘
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the
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the
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,
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In
Ohi
o,
one
of
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und
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er
pro
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of
the
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o
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l
Pro
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tio
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cy
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c
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pollutants
discharged
by
point-sources
occur
from
contaminated
groundwater
discharging
into
industrial
and
municipal
sewers
and
into
industrial
water
supply wells.
As
a
followup
to
the
Vincent
and
Franzen
study,
a
recent
study
of
155
hazardous
waste
disposal
sites
within
three
miles
of
the
Niagara
River
along
a
20
mile
long
corridor
has
just
been
completed
by
the
U.
S.
Geological
Survey
(Edward
Koszalka,
personal
communication,
June
1983).
The
purpose
of
that
study
was
to
(l)
discover
which
sites
are
possible
sources
of
contamination
to
the
groundwater
system,
(2)
assess
the
geohydrologic
impacts
of
the
site
leachate
on
groundwater
quality,
and
(3)
assess
the
impact
of
the
chemicals
in
the
groundwater,
which
will,
in
turn,
affect
the
Great
Lakes.
In
that
study,
76
hazardous
waste
sites
were
sampled
through
test
drilling
and
core
sampling.
If
the
water
table
was
intercepted,
a water
sample
was
taken.
If
the
water
table
was
not
encountered,
a
substrate
sample
was
collected
and
analyzed.
For
the
80
sites
which
were
not
sampled,
data
was
compiled
and
analyzed
from
existing
sources
through
government
agencies.
0f
the
sites
investigated,
57 were
designated
as
having
a major potential
for
contaminant migration.
One
important
finding was
that
a
seasonal
perched water
table
exists
above
the major clay unit.
Where continuous. this clay unit inhibits the vertical
movement of groundwater.
The groundwater flow gradient may therefore flush
contaminants seasonally to topographic lows and discharge them to nearby
surface water bodies.
The surface water systems act as a short circuit to the
sluggish groundwater flow system as they accumulate the contaminants and then
rapidly transport them through the surface water system to the Great Lakes.
A recently completed study (Stark and others, 1983), investigated the
movement of trichloroethylene in groundwater at Wurtsmith Air Force Base in
Michigan. Other contaminants found at the site were benzene and
dichloroethylene. The study used a digital groundwater model to refine
estimates of aquifer hydrologic parameters and calculate the rate and
direction of groundwater flow. The model was also used to make decisions
regarding purging of the contaminated water from the aquifer. The groundwater
flow rate was calculated to be 9.l to 24.4 centimeters (.3 to .8 feet) per day.
21
   
 
In
th
e
Os
we
go
Co
un
ty
(N
ew
Yo
rk
)
ar
ea
al
on
e,
28
CE
RC
LA
si
te
s
ha
ve
be
en
li
st
ed
.
A
re
ce
nt
st
ud
y
(S
cr
ud
at
o
an
d
ot
he
rs
.
19
80
)
ex
am
in
ed
th
e
ef
fe
ct
s
of
gr
ou
nd
wa
te
r
co
nt
am
in
at
io
n
fr
om
ch
em
ic
al
wa
st
e
le
ac
ha
te
em
in
at
in
g
fr
om
Po
ll
ut
io
n
Ab
at
em
en
t
Se
rv
ic
es
,
wh
er
e
ov
er
3.
8
mi
ll
io
n
li
te
rs
(o
ne
mi
ll
io
n
ga
ll
on
s)
of
wa
st
e
li
qu
id
pe
r
mo
nt
h
we
re
tr
ea
te
d
fr
om
l9
70
to
19
76
.
As
a
re
su
lt
,
mo
re
th
an
32
,0
00
(2
08
.l
li
te
rs
)
ba
rr
el
s
we
re
la
nd
fi
ll
ed
wi
th
in
Os
we
go
Co
un
ty
,
be
ca
us
e
it
wa
s
no
t
eq
ui
pp
ed
to
ha
nd
le
"s
ol
id
"
wa
st
es
.
In
ad
di
ti
on
,
a
75
,7
00
li
te
r
(2
0,
00
0
ga
ll
on
)
wa
st
e
oi
l
la
go
on
ov
er
fl
ow
ed
an
d
co
ll
ap
se
d.
So
me
of
th
e
ch
em
ic
al
s
ha
nd
le
d
at
th
e
si
te
we
re
po
ly
ch
lo
ri
na
te
d
bi
ph
en
yl
,
vi
ny
l
cy
an
id
e,
be
ne
ze
ne
,
ph
en
ol
,
ch
ro
mi
um
,
co
pp
er
,
tr
ic
hl
or
oe
th
yl
en
e,
in
se
ct
ic
id
es
,
an
d
to
lu
en
e.
Th
e
in
ve
st
ig
at
io
n
al
so
co
ve
re
d
th
e
si
te
s
wh
er
e
th
e
ba
rr
el
s
we
re
b
e
l
i
e
ve
d
to
be
sh
ip
pe
d
an
d
st
or
ed
wi
t
h
i
n
th
e
co
un
tr
y.
Th
e
c
o
n
t
a
m
i
n
a
t
i
o
n
po
te
nt
ia
l
in
th
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b
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c
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i
b
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g
e
n
e
r
a
l
t
e
r
m
s
,
t
h
e
t
y
p
e
s
of
c
o
n
t
a
m
i
n
a
t
i
o
n
,
t
h
e
m
e
t
h
o
d
s
t
h
r
o
u
g
h
w
h
i
c
h
t
h
e
s
y
s
t
e
m
c
a
n
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o
l
l
u
t
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a
n
d
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h
e
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l
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o
n
t
r
o
l
s
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i
c
h
i
g
a
n
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p
r
e
v
e
n
t
a
n
d
c
o
n
t
r
o
l
c
o
n
t
a
m
i
n
a
t
i
o
n
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b
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.
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c
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Conversely. most till and glacial lake deposits allow very slow movement of
water through them. The high permeability of the fractured bedrock can allow
very rapid transport of contaminants.
The seasonal perching of infiltration by tight clay layers allows a
seasonal flushing of contaminants to surface water bodies. More permeable
artificial landfill material will allow more rapid contaminant transport than
some natural unconsolidated deposits.
Almost 20 percent of the hazardous waste sites identified in the United
States for CERCLA lie within the Great Lakes Basin. The contaminants
identified in groundwater are both toxic and/or carcinogenic. In some
locations, large areas have been found to be unfit for domestic use and some
entire well fields have been destroyed.
Sources of contamination are present in the Basin and the geohydrology is
favorable for transport of contaminants by groundwater into the Great Lakes.
A better definition and quantification of the specific contamination sites are
still needed. In addition, there needs to be an identification and
quan
tifi
cati
on o
f th
e co
ntam
inan
ts w
hich
seas
onal
ly a
re f
lush
ed i
nto
the
sur
fac
e w
ate
r s
yst
ems
, e
spe
cia
lly
dur
ing
bas
efl
ow
per
iod
s.
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THE
POTENTIAL
FOR
GREAT
LAKES
CONTAMINATION
BY
GROUNOHATER
IN
CANADA
._________________________________._________________________________
by
Robert
w.
Gillham,
Ph.D.
Consulting
Hydrogeologist
Guelph, Ontario
1. INTRODUCTION
The
Canadian
Great
Lakes
Basin
falls
entirely
within
the
Province
of
Ontario
and
principally
within
southern
Ontario.
Rapid
growth
in
population
over
the
past
fifty
years.
has
resulted
in
southern
Ontario
being
the
most
densely
populated
and
highly
industrialized
region
of
Canada.'
Much
of
this
period
of
rapid
development
(from
the
thirties
to
the
early
seventies)
proceeded
without
environmental
controls.
Environmental
legislation
pertaining
to
waste
disposal
was
first
introduced
by
the
Provincial
Government
in
1970.
In
addition,
many
practices
potentially
damaging
to
the
environment
were
permitted
to
continue
well
into
the
seventies
because
of
a
lack
of
scientific
knowledge
to
enable
proper
understanding
of
the
consequences
of
waste disposal
practices
on
the
hydrogeologic
regime.
The
subsurface
disposal
of
hazardous
liquid
wastes
was
also an accepted
procedure at some sites until
1982.
In addition, there have been, and
undoubtedly will
continue
to
be,
instances
of
uncontrolled
dumping
on private
land.
It must
also
be
recognized
that
spills,
leaks
and
accidental
discharges
of toxic materials have been and will continue to be an unavoidable
consequence of industrialization.
Many other recognized and approved activities exist within the Canadian
Great Lakes Basin that may affect groundwater and ultimately the quality of
the Great Lakes.
Included among these are septic tanks, chemicals used in
agriculture and the forestry industry, and waste products from the mining and
milling industries.
27
 The discharge of environmentally hazardobs materials to the atmOSJhere and
surface waters can be recognized and monitored with relative ease. With
removal of the source, a rapid improvement in the quality of the receiving
environment can be expected. Unfortunately, groundwater presents a much more
The technology associated with the identification and
characterization of zones of contaminated groundwater has developed largely
perplexing problem.
within the past ten to fifteen years and as a result, is presently far from
being a precise or complete science. In addition, because the residelce time
of groundwaters can vary from a few weeks to tens of thousands of years, the
consequences of poor past and present management practices may not be fully
realized for several generations to come. 0f the potential pathways for
contaminants to reach the Great Lakes, migration through groundwater is not
well understood and is inadequately documented. Misinterpretation of the
existing conditions would therefore have the greatest potential for long-term
consequences.
This report presents a preliminary evaluation of the potential for
cont
amin
ated
grou
ndwa
ter
in t
he C
anad
ian
Grea
t La
kes
Basi
n to
adve
rsel
y af
fect
the water quality of the Great Lakes.
docu
ment
s th
at a
re a
vail
able
from
the
Inte
rnat
iona
l J
oint
Comm
issi
on,
the
The report is based largely on
Ont
ari
o M
ini
str
y o
f t
he
Env
iro
nme
nt,
and
Env
iro
nme
nt
Can
ada
; a
nd
on
disc
ussi
ons
with
pers
onne
l of
thes
e ag
enci
es a
nd w
ith
priv
ate
cons
ulti
ng
comp
anie
s in
Onta
rio
that
are
invo
lved
in w
aste
—man
agem
ent
and
grou
ndwa
ter
qual
ity
prob
lems
. T
he U
nite
d St
ates
comp
leme
nt t
o th
is r
epor
t wa
s
conC
eren
tly
prep
ared
by M
r. L
inds
ay A
. Sw
ain
with
the
Nort
heas
tern
Regi
on
Offi
ce o
f th
e U.
S.
Geol
ogic
al S
urve
y an
d is
foun
d in
Appe
ndix
II-A
.
2. §EOLOGY
 
The
Cana
dian
Grea
t La
kes
Basi
n fa
lls
with
in t
wo d
isti
nctl
y di
ffer
ent
geo
log
ic
reg
ime
s.
The
Can
adi
an
Shi
eld
reg
ion
ext
end
s n
ort
h f
rom
an
irr
egu
lar
lin
e d
raw
n a
ppr
oxi
mat
ely
bet
wee
n G
eor
gia
n B
ay
and
Kin
gst
on.
The
bed
roc
k o
f
thi
s a
rea
is
com
pos
ed
alm
ost
ent
ire
ly
of
cry
sta
lli
ne
roc
ks,
pri
nci
pal
ly
Prec
ambr
ian
gran
ites
.
Mino
r ar
eas
of s
edim
enta
ry r
ocks
can
occu
r, h
owev
er,
part
icul
arly
near
the
boun
dary
betw
een
the
Prec
ambr
ian
and
Pale
ozoi
c r
ock
types.
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The
unconsolidated
surficial
materials
of
the
Canadian
Shield
are
distributed
very
irregularly.
with
little
or
none
in
the
upland
areas.
while
thick
deposits
are
confined
largely
to the
valleys.
Sand
and
gravel
deposits
are common,
particularly
in old
river
channels.
outwash
deposits
or
in
kames
and eskers.
Extensive clay deposits are also present either as moraine or
clay deposits formed during the period of the glacial lakes.
The topography of the Canadian Shield tends to be irregular to extremely
rugged because of past tectonic and glacial processes.
The second major region covers Southern Ontario and is characterized by
the presence of Paleozoic rocks overlying the Precambrian rock. The Paleozoic
rocks are sedimentary in origin, and consist of sequences of carbonate rocks,
shales, sandstone and conglomerate. The distribution of bedrock types within
the Basin is given in Figure 3—1.
The surficial deposits in this region vary in thickness from two or three
meters east of Trenton and between Port Credit and Burlington, to in excess of
200m in the eroded bedrock channels. These deposits consist largely of
glacial till and moraine materials, and fine—grained sediments of the glacial
lakes (principally Lakes Iroquois and Warren).
In addition, coarse textured deposits occur in outwash channels, buried
valleys, kames, eskers, sand plains, old beaches of the glacial lakes and
fluvio—glacial and lacustro—glacial deposits. As a result of repeated
glaciations and the repeated advance and retreat of the most recent glacier,
the Wisconsin, the surficial geology of many parts of southern Ontario is
extremely complex.
With the exception of the southwestern region between London and Windsor,
which is very flat, the topography of southern Ontario is generally rolling,
becoming irregular in areas of terminal and interlobate moraines. A more
detailed description of the geomorphology of southern Ontario is given in
Chapman and Putnam (l966).
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3. HYDROGEOLOGY
The
Canadian
Great
Lakes
Basin
falls
within
two
hydrogeologic
regions
according
to
the
classification
of
Brown
(l967).
The
region
of
Precambrian
bedrock
falls
within
the
“Canadian
Shield“
hydrogeological
region.
while
the
more
southerly
zone
falls
within
the
"St.
Lawrence
Lowlands“
hydrogeological
region.
Groundwater
in
the
bedrock
of
the
Canadian
Shield
occurs
primarily
in
fractures.
The
evidence
suggests
that
the
frequency
and
aperture
of
the
fractures decreases with depth;
thus, the major zone of groundwater
circulation would be at shallow depth.
Due to the low effective porosity of
the rock, migration rates of contaminants could be quite high. although the
hydraulic conductivity of the rock may be quite low.
Migration rates could
also be high in the sand and gravel deposits, but would tend to be low in the
clay—till and lake-clay deposits. .
Hydraulic gradients in the shallow groundwater zones tend to be high
because of the irregular topography, and thus, with the exception of areas
having clayey surficial deposits. relatively short groundwater residence times
can be expected.
As noted by Brown (1967), the surface water and groundwater
chemistries are similar, suggesting further that groundwater discharge is
dominated by flow systems that are relatively short and shallow.
Shallow groundwater of the Canadian Shield is generally a
calcium—bicarbonate type; however, because of the low solubility of the
mineral materials, the water generally has a very low concentration of total
dissolved solids. In addition, because of the chemical characteristics of the
mineral materials, the groundwater is generally neutral to slightly acidic.
The low amount of dissolved solids in the groundwater of the Canadian Shield
is generally responsible for the low buffering capacity of these waters
despite being a calcium—bicarbonate type. Because of the relatively small
influence of the natural controls on the groundwater chemistry, the water
quality could be particularly sensitive to activities that introduce
contaminants into the hydrogeologic regime.
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 As in the Canadian Shield, the physical hydrogeology of the bedr0(k
formations in southern Ontario (the St. Lawrence Lowlands hydrogeologic
region) is controlled largely by fracture networks; however, because (f the
grea
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ety
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ock
type
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end
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ore
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.
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the
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Generally,
the most sensitive areas are those having coarse—grained
sediments at or near ground surface.
Although the most common unconsolidated
geologic material throughout southern Ontario is till, the coarser materials
provide the predominant pathways for groundwater flow. Moraine areas such as
the Oak Ridges Moraine, old beaches, sand plains such as the Alliston Sand
Plain and other fluvio-glacial sediments could provide important pathways for
the migration of contaminants to surface waters and ultimately to the Great
Lakes.
The distribution of Quaternary deposits in southern Ontario is described
in detail by Champman and Putnam (l966). Coarse—grained deposits are shown to
occur frequently throughout south-central Ontario and are also common, though
less prevalent, in both the western and eastern regions of southern Ontario.
Clay and till materials are not useful as aquifers, and consequently, the
hydrogeologic characteristics of these materials have received relatively
little attention. In general, because of their low hydraulic conductivity
values, these deposits have been viewed as barriers to the migration of
contaminants. Recent studies, however, have shown that the till and clay
deposits of southern Ontario generally contain networks of fractures to depths
of a few meters below ground surface (Desaulnier et al. 1981, for example).
While the role of the fractures in the transport of contaminants is not fully
understood, it is reasonable to expect the fractures to provide pathways of
relatively rapid groundwater migration. Because of the potential for
contaminants to diffuse into and out of the porous matrix between fractures.
the effect of the fractures on contaminant migration is not clear.
Nevertheless, one could expect the migration rates to be faster than in
similar materials without fractures. Thus, even the fine—grained sediments
may have a significant potential to transmit contaminants to surface waters
under some circumstances.
4. HYDROLOGIC BUDGETS
Although hydrologic budgets are of great importance in evaluating the
water resources of an area, by themselves, they have limited value in
assessing the potential of a particular source of water to contaminate a
   
 
 multiple—source reservoir. The potential to cause significant contanination of
the reservoir depends on both the volume discharge from the contaminated source
and the concentration of contaminants in the source. An appreciation of the
groundwater contribution to the hydrologic budget of the Great Lakes,
nevertheless, would provide useful background information in evaluating
dilution factors. Even a relatively small source of water that contains
contaminants at concentrations several orders of magnitude above the acceptable
limit would have the capability of contaminating a large volume of water. ,
Although hydrologic budgets that include a quantitative consideration of
groundwater are not available for the entire Great Lakes Basin, detailed
studies have beenconducted on the Canadian side of the Lake Ontario Basin
(Haefeli, 1972; and Ostry, 1979). Haefeli used three different methois to
evaluate the discharge of groundwater directly into Lake Ontario. Calculated
values of discharge ranged from 3.7 x 104 L/min to 2.0 x 105 L/min. dased
on the comments by Haefeli on the various methods, a reasonable estimate of
discharge would be about l.3 x 105 i 4.2 x lO4 L/min . Flow from the upper
lake
s in
to L
ake
Onta
rio
is a
bout
3.6
x lo
8 L/
min
and
othe
r in
flow
s to
the
lake
(pri
mari
ly s
urfa
ce d
rain
age)
tota
l ab
out
6.l
x 10
7 L/
min.
As n
oted
by
Hith
ersp
oon
(197
9),
evap
orat
ion
from
the
lake
surf
ace
is a
ppro
xima
tel/
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l to
prec
ipit
atio
n on
the
lake
surf
ace.
Assu
ming
that
the
grou
ndwa
ter
cont
ribu
tion
s
on t
he U
. S.
and
Cana
dian
side
s ar
e ab
out
the
same
(giv
en a
tota
l of
3.5
x
lO5 L/min), then groundwater discharged directly to the lake is about 0.06%
of t
he t
otal
flow
, or
abou
t 0.
4% o
f th
e fl
ow c
ontr
ibut
ed t
o La
ke O
ntar
io f
rom
the Lake Ontario Basin.
Alth
ough
thes
e nu
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s s
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st t
hat
grou
ndwa
ter
is a
very
mino
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of t
he h
ydro
logi
c b
udge
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r La
ke O
ntar
io,
they
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eadi
ng a
nd o
n‘y
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ect
the
amou
nt o
f gr
ound
wate
r co
ntri
bute
d di
rect
ly t
o th
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ke.
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also
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tes
a si
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ican
t pr
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of s
trea
mflo
w to
the
lake
.
From
the
anal
ysis
of r
unof
f re
cord
s fr
om s
even
teen
wate
rshe
ds
in t
he L
ake
Onta
rio
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n,
Haef
eli
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2) f
ound
that
base
flow
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undw
ater
) co
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tute
d fr
om 2
1 to
78%
of
the
tota
l st
ream
disc
harg
e.
The
wide
rang
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valu
es
refl
ects
vari
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in
the physiographic features of the watersheds.
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
 
  
r
a
1
5
:
1
5
:
1
1
1
1
1
1
1
1
1
1
1
1
1
In that thirteen of the seventeen watersheds had groundwater contributions in
excess of 50%, and assuming similar values apply to the United States side. it
is reasonable to conclude that in excess of 50% of the water contributed to
Lake Ontario by the Lake Ontario Basin, originates as groundwater.
There is no quantitative basis for extrapolating these values to the
entire Great Lakes Basin; in particular, the proportion of groundwater in
streamflow, for example, is undoubtedly less in expcsed areas of the Canadian
Shield and in the clay plain areas adjacant to Lake Erie. Nevertheless. it is
safe
to c
oncl
ude
that
a ve
ry s
ubst
anti
al p
ropo
rtio
n of
the
tota
l fl
ow t
o th
e
Great Lakes originates as groundwater. Consequently, groundwater through
surf
ace
stre
am f
low
coul
d po
tent
iall
y ha
ve a
subs
tant
ial
infl
uenc
e on
the
qua
lit
y o
f w
ate
r i
n t
he
Gre
at
Lak
es.
’
5. POPULATION DISTRIBUTION
Wit
h t
he
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liz
ed
land
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s m
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d t
o o
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pro
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g m
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t d
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pre
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1 c
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Since a relatively small number of people or a small industrial operation
has the potential to cause serious groundwater contamination, no portion of
the Basin can be overlooked. In terms of priorities, the urbanized and
industrialized regions of southern Ontario, in particular, appear to offer the
greatest potential for serious groundwater contamination.
6. POTENTIAL SOURCES OF GROUNDWATER CONTAMINATION
6.l DIFFUSE SOURCES
Diffuse sources of groundwater contamination are those that are applied
more—or—less uniformly over large land areas. These represent a serious
source of contamination in that large volumes of water can be affected;
however, in most cases the potential contaminants are either not highly toxic
or a
re p
rese
nt a
t re
lati
vely
low
conc
entr
atio
ns.
The
most
comm
on e
xamp
le o
f a
diffuse source of potential groundwater contamination is fertilizer spread over
agri
cult
ural
land
.
The
appl
icat
ion
of p
esti
cide
s an
d he
rbic
ides
onto
agri
cult
ural
and
fore
sted
land
s, a
cid
rain
, an
d at
mosp
heri
c fa
llou
t ar
e ot
her
exam
ples
.
(i) Fertilizer
The
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a r
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n d
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e.
As
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the
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l
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Com
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n -
“Ag
ric
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ura
l W
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s
in
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adi
an
Gre
at
Lak
es
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in“
(IJ
C,
l97
8)
— a
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ivi
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s
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d
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con
cen
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n
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e
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s
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h
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e t
ran
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ndw
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r.
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pot
ent
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for
a
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h
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-
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r
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nt
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s
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te
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th
e
Gr
ea
t
La
ke
s,
ni
tr
at
e
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t
a
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n
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t
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ea
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ke
s
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e
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cu
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d
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e
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at
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n
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st
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s.
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e
ma
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g,
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we
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s
in
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s
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ac
e
and
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nk
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n.
Gr
ou
nd
wa
te
r
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t
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ct
ed
to
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ay
a
si
gn
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t
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in
th
e
tr
an
sp
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t
of
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os
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us
to
th
e
Gr
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t
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s
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e
of
th
e
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of
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 (ii) Pesticides
Insecticides,
fungicides
and
herbicides
are
used
extensively
in
agricultural
areas,
and
to
some
extent
in
forested
areas.
It
is
estimated
that
the
agricultural
use
of
herbicides,
fungicides.
and
insecticides
will
increase
at
rates,
respectively,
of
about
32.4%,'166.S%
and
51.9%
from
1971
to
the
year
2020
(International
Joint
Commission,
1917).
In
that
the
drinking
water
criteria
for
these
materials
are
generally
within
the
nanogram
per
liter
to
a
few
tens
of
micrograms
per
liter
range,
it
is
apparent
that
relatively
small
quantities
have
the
potential
to
contaminate
large
volumes
of
water.
Water
quality
tests
conducted
by
the
Ontario
Ministry
of
the
Envi‘onment
have
shown
isolated
instances
of
domestic
groundwater
supplies
being
’
contaminated
by
pesticides.
However,
in
all
instances
the
contamination
was
traced
to
very
local
situations
such
as
spills
or
washing
of
equipment.
Their
data,
though
not
extensive,
did
not
suggest
widespread
contamination
of
groundwater
by
pesticides.
Similarly,
though
detailed
surveys
have
not
been
conducted,
data
collected
by
the
Ontario
Ministry
of
Agriculture
and
Food
suggest
that
in
Ontario,
there
is
no
widespread
contamination
of
groundwater
by
,
pesticides.
Due
to
the
decreased
persistence
of
the
pesticides
that
are
currently
being.
used,
existing
evidence
suggests
that
the migration
of
pesticides
in groundwater
from
agricultural
land
will
not
pose
a
significant
threat
to
the
future
quality
of
water
in
the
Great
Lakes
although
local
problems
may
occur.
This
viewpoint,
however,
may
be
subject
to
change
following
the
completion
of
more
detailed
surveys
currently
underway
by the Ontario
Ministry of
the
Environment..
(iii) Atmospheric Fallout
In
industrialized
areas,
a
wide
range
of
chemicals
can
be
distributed
over
a
broad
area
as
dry
fallout
or
as
dissolved
constitLants
of
rainwater.
As
reported
in
IJC
(1918),
the
PCB
concentration
of
precipitation
in the
six
watersheds
of
southern
Ontario that
were
studied
ranged
from <2
to 100
ng/L.
It
is
reasonable
to
expect
that many
other organic
compounds
that
are
toxic
in
very
low
concentrations
will
also
occur
in
precipitation.
The
biodegradability
and
the
mobility
of
the
halogenated
hydrocarbons
in
geologic
materials
is
highly
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variable. Conceivably, those that are not readily biodegradable and are
relatively mobile, could be leached into the groundwater zone and then
discharged at a later time to surface waters draining into the Great Lakes.
IJC (1978) identified the fallout of industrial organic contaminants as a
serious threat to the water quality of the Great Lakes and recommended the
continued monitoring and surveillance of these materials. This surveillance
should include the groundwater pathway.
(iv) Acid Rain
Increasing industrialization, accompanied by an increase in the
consumption of fossil fuels, has resulted in increased discharges of oxides of
sulfur and nitrogen to the atmosphere. This has resulted in the gradual
lowering of precipitation pH. Because of the buffering capacity of the
carbonate minerals in soils of southern Ontario, acid rain should not have an
effect on the groundwater quality of this region for the foreseeable future.
However, the Canadian Shield area, which is largely devoid of carbonate rocks,
is highly susceptible to the effects of acid rain.
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exposure to oxygen and subsequently release H+ ions to the solution phase
which causes a large reduction in the pH of the pore water. At the reduced
pH, trace metals tend to be mobilized and can therefore migrate in the surface
drainage and groundwater seepage thus leaving the tailings.
Morin et al. (l982) documented the occurrence of a contaminant plume in a
sand and gravel aquifer adjacent to a uranium mill taiéings impoundment in the
Elliot Lake area. Their results showed that seepage from pyritic tailings can
indeed cause a serious degradation in local groundwater quality; thextent,
however, to which these conditions occur in the Ontario mining districts is
unknown. The potential effect that the groundwater seepage could have on the
quality of the Great Lakes is also unknown. To resolve this question in a
reasonably conclusive manner would require considerably more data than are
currently available. However, because of the relatively low concentrations of
metals found by Morin and Cherry (although several were above the maximum
permissible concentration) and the large dilution factor offered by the Great
Lakes drainage system, it appears that contaminated groundwater seepage from
mine tailings would have little, if any, effect on the quality of water in the
Great Lakes.
(ii) Private Waste Disposal Systems
Potential groundwater contaminants released from septic tanks include
nitrogen, phosphorus, dissolved organic carbon and pathogenic bacteria.
Detailed studies of several private waste systems by the Ontario Ministry of
the Environment, as part of the PLUARG studies, indicated that only nitrogen
and chloride move a substantial distance in groundwater, and that nitrogen was
the only constituent with a potential to affect the water quality of the Great
Lakes. In that nitrogen is of low priority with respect to the quality of the
Great Lakes, septic tanks can be dismissed as a potential threat to the water
quality of the Great Lakes through the groundwater route.
.
l
‘
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
l
 "
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
(iii) Sanitary Landfills
Waste disposal sites licensed by the Ontario Ministry of the Environment
as of January 31, 1914 are summarized by waste type and county/district in
Table 8—1. Figure 8—4 shows the distribution of these sites. As of January
31, 1974, 1,076 sites were licensed in the Basin. More recent figures, on a
province—wide scale, have been reported in a survey conducted by the Ontario
Ministry of the Environment (MOE, 1980). By June 1515, the number of licensed
sites in Ontario had risen to 1,523. Additionally, 146 licensed sites were
reported as closed prior to the beginning of the survey, 2 as open but
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 TABLE B-4. WASTE DISPOSAL SITES BY COUNTY/DISTRICT WITHIN THE
CANADIAN GREAT LAKES BASIN (AS of January 31, 1974)
 
* T
ota
ls
do
not
alw
ays
equ
al
the
sum
of
the
var
iou
s w
ast
e d
isp
osa
l
sit
e t
ype
s.
Som
e w
ast
e d
isp
osa
l s
ite
s r
ece
ive
d m
ore
tha
n o
ne
was
te
type
.
**T
ota
l
num
ber
of
sit
es
was
ini
tia
lly
rep
ort
ed
inc
orr
ect
ly
by
20
sit
es
and
subsequently revised in January 1984.
County/District Waste Disposal Site Type
No. Name Unknown Solid Liquid Hazardous Totals* -
1 .
Algo
ma
-
35
—
-
35
-
2.
Bran
t
-
7
3
l
7
3.
Bruc
e
6
31
1
l
37
4. Dufferin — l2 — - 12
5.
Elgi
n
3
7
l
-
10
6.
Ess
ex
1
7
4
r
9
7.
Fron
tena
c
3
20
1
-
24
8.
Grey
7
23
—
-
30
9.
Hald
iman
d No
rfol
k
4
28
l
—
32
10.
Hal
ibu
rto
n
-
37
—
-
37
11.
Hal
ton
-
15
3
2
17
~
12.
Has
tin
gs
4
39
2
—
44
13.
Hur
on
2
23
3
l
25
14.
Ken
t
3
19
2
-
22
15.
Lam
bto
n
2
26
5
2
31
16.
Lee
ds
& G
ren
vil
le
2
10
—
—
12
17.
Len
nox
& A
ddi
ngt
on
3
19
1
-
23
18.
Nia
gar
a
2
22
2
l
26
19.
Man
ito
nli
n
—
l9
8
—
19
20.
Mid
dle
sex
5
22
l
—
27
21.
Mus
kok
a
l
47
l
—
48
22.
Nip
iss
ing
—
29
l
e
29
23—24. Northuberland
and
Dur
ham
4
43
10
-
53
.
25.
Oxf
ord
1
15
-
—
16
26.
Par
ry
Sou
nd
3
67
-
—
70
27.
Pee
l
—
7
2
3
11
28.
Per
th
—
15
l
-
15
29.
Pet
erb
oro
ugh
3
38
1
—
42
30.
Pri
nce
Edw
ard
—
l3
2
—
15
31.
Sim
coe
l
36
—
—
37
32-
33.
Sud
bur
y
4
74
5
-
78
34.
Thu
nde
r B
ay
1
80
2
1
81
35.
Tim
isk
ami
ng
—
-
—
— '
-
36.
Vic
tor
ia
7
18
l
l
25
37.
Wat
erl
oo
—
12
3
-
12
38.
Wel
lin
gto
n
—
15
l
-
15
39.
Wen
two
rth
—
11
~
-
11
40.
Yor
k
—
11
2
-
11
41.
Tor
ont
o
1
2
-
-
3
42.
Ont
ari
o
_
Q
___2_
'
__-_
_2_§*
*
‘
76
974
72
13
107
6**
44
 
 /
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
!
I
 
r
-
I
Source
-
International
Reference
Group
on
Great
Lakes
Pollution
from
Land
Use
Activities,
December 1977:
Inventory of
Land
Use
and
Land
Use
Practices in the Canadian Great Lakes Basin, International
Joint
Commission, Windsor.
a) Volume II
b) Volume III
c) Volume IV
d) Volume V
Canadian Lake Superior Basin
Canadian Lake Huron Basin
Canadian Lake Erie Basin
Canadian Lake Ontario Basin
More recently, and with the growing awareness of the potential environmental
risk posed by the industrial organic compounds, the University of Waterloo
undertook detailed groundwater monitoring at two sanitary landfills in southern
Ontario. Both sites were in operation prior to 1972 and probably accepted
liquid industrial wastes prior to that time. These sites are situated in sandy
geological materials. Chloride was found to be the only inorganic leachate
consitutent to move a significant distance from the landfills; however,
halogenated hydrocarbons, well in excess of drinking water limits, were detected
in groundwaters at appreciable distances from the disposal sites (Reinhard
et al., l984).
The two sites referred to above, were selected for study because they were
situated in granular geologic materials and not because of their history of
having received liquid industrial wastes. There is good reason to suspect that
many landfills that were in operation prior to 1972 in industrialized portions
of the Canadian Great Lakes Basin, and that are situated in permeable geologic
materials, will have plumes of organic—contaminated groundwater associated with
them. Current investigations by the Ministry of the Environment on a landfill
site in Tiny Township, indicate the presence of elevated concentrations of
chlorinated hydrocarbons in groundwater associated with the site. This provides
further support for the above claim.
There are insufficient data to evaluate the potential effect of these sites
on the water quality of the Great Lakes. Further monitoring at other landfill
sites that have accepted industrial liquid wastes should be undertaken.
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(iv) Liquid Industrial Wastes
As noted above, liquid industrial wastes could be accepted by landfills up
to 1972 and it is quite likely that a substantial proportion of the liquid
wastes were disposed of in this manner. Following 1972, selected sites were
licensed to accept liquid wastes. In particular, as given in IJC (l977), in
1975, 72 sites were licensed to receive liquid wastes, and 13 were licensed
for hazardous wastes. Presently there are six sites ‘icensed to accept liquid
industrial wastes in the Province; however, none of these can accept hazardous
wastes. The subsurface disposal of hazardous liquid wastes is no longer an
acceptable and licensed procedure in Ontario although the practice was
continued on a limited scale as recently as 1982.
In addition to hazardous wastes that have been put into sanitary
landfills, or more recently into licensed hazardous waste sites, it is quite
likely that significant volumes of hazardous wastes have been disposed of by
industries on industry—owned land. This practice was legal prior to l972,
after which time it required licensing, and currently is not an accepted
practice. As a supplement to the 1979 survey of disposal sites referred to
above, MOE personnel compiled a list of privately-owned chemical disposal
facilities. The results of the compilation are given in MOE (l98l).
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A second potentially troublesome area occurs near Sarnia in Lambton
County. as a result of deepwell injection of liquid industrial wastes. There
were approximately l9 wells used in the county for this purpose, with the
greatest concentration of wells (9) occurring south of Sarnia, near the
St. Clair River. It is acknowledged that large volumes of wastes were
inje
cted
and
in m
any
case
s co
ntai
ned
haza
rdou
s c
onst
itue
nts.
Init
iall
y,
was
tes
wer
e i
nje
cte
d u
nde
r p
res
sur
e i
nto
a f
rac
tur
ed
dol
omi
te
for
mat
ion
(th
e
Det
roi
t R
ive
r f
orm
ati
on)
sit
uat
ed
at
a d
ept
h o
f a
ppr
oxi
mat
ely
l83
to
2l3
met
ers
(60
0 t
o 7
00
fee
t)
bel
ow
gro
und
sur
fac
e.
To
avo
id
fra
ctu
rin
g o
f t
he
ove
rly
ing
con
fin
ing
bed
s,
inj
ect
ion
und
er
pre
ssu
re
was
cea
sed
in.
l97
2.
A
hyd
rog
eol
ogi
c i
nve
sti
gat
ion
of
the
reg
ion
by
Env
iro
nme
nt
Can
ada
rev
eal
ed
hig
h
chl
ori
de
con
cen
tra
tio
ns
in
som
e w
ell
s a
t s
hal
low
dep
ths
(Va
nde
nbe
rg
et
al.
l97
7).
The
pre
vio
us
dis
pos
al
pra
cti
ces
wer
e c
ite
d a
s a
pos
sib
le
cau
se
of
the
ano
mal
ies
.
Fur
the
r i
nve
sti
gat
ion
s o
f t
he
ano
mal
ies
are
und
erw
ay.
Alt
hou
gh
it
is
wel
l d
ocu
men
ted
tha
t m
any
tra
ce
org
ani
cs
are
rel
ati
vel
y
mob
ile
in
gro
und
wat
ers
, i
t i
s c
urr
ent
ly
dif
fic
ult
to
eva
lua
te
the
pot
ent
ial
eff
ect
s
of
the
gro
und
wat
er
pat
hwa
y
on
the
qua
lit
y
of
the
Gre
at
Lak
es.
How
eve
r,
bec
aus
e o
f t
he
sma
lle
r p
opu
lat
ion
in
the
Can
adi
an
Bas
in
and
the
low
er
deg
ree
of
ind
ust
ria
liz
ati
on,
the
mag
nit
ude
of
the
pro
ble
m w
ill
not
be
as
gre
at
as
on
the
U.S
. s
ide
.
It
mus
t n
eve
rth
ele
ss
be
ack
now
led
ged
tha
t l
arg
e v
olu
mes
of
liq
uid
ind
ust
ria
l
was
tes
hav
e
bee
nd
isp
ose
d
of
at
eit
her
con
tro
lle
d
or
unc
ont
rol
led
sit
es
whi
le
the
fat
e
of
the
se
mat
eri
als
are
lar
gel
y
unk
now
n.
Inc
rea
sed
mon
ito
rin
g w
ill
be
req
uir
ed
in
ord
er
to
eva
lua
te
the
pot
ent
ial
effects on Great Lakes quality.
(v)
St
or
ag
e
Ta
nk
s
an
d
Ma
nu
fa
ct
ur
in
g
Fa
ci
li
ti
es
In
pop
ula
ted
and
ind
ust
ria
liz
ed
are
as,
the
re
are
num
ero
us
sto
rag
e
tan
ks
and
man
ufa
ctu
rin
g f
aci
lit
ies
tha
t c
ont
ain
hig
hly
tox
ic
sub
sta
nce
s.
Org
ani
c
sol
ven
ts
are
a c
omm
on
ind
ust
ria
l
exa
mpl
e.
The
re
are
als
o n
ume
rou
s d
ocu
men
ted
cas
es
of
loc
al
gro
und
wat
er
con
tam
ina
tio
n a
s
a r
esu
lt
of
lea
kag
e
fro
m t
hes
e
fac
ili
tie
s;
how
eve
r,
no
ser
iou
s c
ons
ide
rat
ion
has
bee
n g
ive
n t
o t
he
pot
ent
ial
eff
ect
of
the
se
occ
urr
enc
es
on
Gre
at
Lak
es
qua
lit
y.
48
l
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
 
nI
n
u
u
u
u
I
u
1
’
u
I
I
V
I
I
U
 
  
At least one hydrogeologic consultant with considerable experience in southern
Ontario is of the opinion that leaks and spills at manufacturing sites may
pose a more serious threat to the groundwater environment.
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been identified as having adverse effects on the environment. this evaluation
has generally been made with
little knowledge and/or monitoring of the
groundwater conditions, and in most cases, with no consideration of trace
organics. Further monitoring of disposal sites should be undertaken in order
to evaluate the discharge of toxic organic constituents to the local
groundwater and their potential effects on Great Lakes quality.
Increased efforts should be directed at identifying private disposal sites
that have accepted liquid industrial wastes and where warranted, groundwater
investigations should be initiated.
Industries that produce or use significant quantities of halogenated
hydrocarbons or petroleum products should be identified and the potential for
spills, leaks or other accidental releases should be evaluated. Where
warranted, groundwater investigations should be undertaken. Previous plant
sites as well as operating sites should be considered.
Finally, investigations of groundwater quality in the Canadian Basin have
generally been undertaken withinthe context of the local environment and
local water supplies. The direct application of the results of these studies
to the potential effects on Great Lakes quality has seldom been considered.
Site—specific studies, or regional studies designed within the context of
Great Lakes quality may be required in order to quantify the potential effects
of groundwater contamination on the Great Lakes. '
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